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POSITIONS A N D  AREAS OF SUN SPOTS-Continued PROVISIONAL SUNSPOT RELATIVE NUMBERS FOR 
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[Dependent alone on observations at Zurich] 

 data furnished through the c0urte.w of Prof. W. Brunner. Eidgen. Bternwtute, Zurich, 
Switzerland] 
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o=Passage of an averagesized group through the central meridian. 
b=Passage of a large group through the central meridian. 
c=New formation of a group develODing into a middle-sized or large center of activlts: 

E. on the eastern part ofthe sun's disk; w. on the western part; M;in the central-circle 
ZODP. 

d=Entrance of a Iwqe or average-sized center of activity on the east limb. 

AEROLOGICAL OBSERVATIONS 
[.4emlogicaI Division, D.  M. LITTLE in charge] 

By B. FRANCIS DASHIELL 

The 362 a.irplane and 233 radiosonde upper-air obser- 
vations shown in tables 1 and la for the month of April 
a.lso include the first of a series of radiosonde reports Irom 
Bermuda. Of all observations macle exclusively within 
the United States, 96 perc,ent a.nd 85 percent, reac.lied 4 
a.nd 5 kilometers, respectively. Radiosonde observations 
showed some improvement, with 97,92,73, a.nd 38 percent 
of all flights reaching 5 ,  10, 15, a.nd 18 kilomete.rs, respec- 
tively, while a few individual ascents rose to 23 kilometers. 
At Oa.kland, Calif., a.nd Washington, D. C., 50 percent 
and 47 percent, respectively, of all flights launched a t  the 
surface attained 18 kilometers. The April wind  resultant,^ 
include those from 3 new pilot balloon stations operttting 
at  Des Moines, Iowa, Milwaukee, Wis., and Pueblo, Cob. 
A detailed explanfition of tables 1, la ,  2, 3, and 4, and 
charts VIII, IX, X, SI, and X I ,  will be found in the 
Janunry 1939 issue of the MONTHLY WEATHER REVIEW. 

The weather in April wa.s in contrast with that which 
prevailed during March over the eastern half of the coun- 
try. As shown on chart I, mean surface teniperstures 
(" F.) were subnorma.1 east of the Mississippi Valley with 
t,he coldest weather over the Great Lake,s region, and 
abnormal temperatures occurred over Nevada a.nd the 
interior of Cdifornia. Above the surface, in the free air, 
the mean temperatures (" C.) for April were lowest over 
Sault Ste. Marie, Mich., and Fargo, N. Dak., at  all levels 
up to 8 kilometers; over Fargo, N. Dak., from 9 to  12 
kilometers; over Oklahoma City, Okla., from 13 to 18 
kilometers; and over Oklahoma City, Okla., and Oakland, 
Calif., a t  19 and 20 kilometers. However, the lowest 
mean temperatures for the current month were recorded 
over Bermuda, between 12 and 18 kilometers. 

A minimum upper-air mean temperature of -69.5' C. 
was reported from Bermuda, while the lowest for the 
Unitcd States (-63.3" C.) was recorded a t  Oklahoma 
City, Okla.; both occurring a t  17 kilometers. Highest 
mean temperatures for the month were recorded over 
Pensacola, Fla., a t  0.5, 1, and 5 kilometers; over El Paso, 
Tex., a t  all levels from 1.5 to 4 kilometers; a t  Oakland, 
Calif., from 6 to 9 kilometers; over Nashville, Tenn., at  
10 and 1 1  kilometers; and over Sault Ste. Marie, Mich., 
from 12 to 30 kilometers, inclusive. 

The April mean free-air temperatures listed in tables 1 
and l a  were seasonally higher at  all levels up to 5 kilo- 
meters than during March. A t  the 5-kilometer level the 
current month was cooler than April 1938, except over 
stations in the far Northwest and in California. Above 
5 kilometers a t  all stations April was warmer than the 
preceding month, but Oalrland, Calif., became coder in 
the levels higher than 10 kilometers. 

A center of low mean pressure was indefinitely located 
north of the Great Lakes region and northeast toward 
Newfoundland, as shown on charts VIII, IX, S, and XI. 
A t  these same levels high pressure prevailed over Bermuda 
and extended westward in a belt to Pensacoln, Fla., El 
Paso, Tex., and San Diego, Calif. Pressures during 
April were slightly higher in the North and lower in the 
South than in March. The pressure differences between 
the "high" and "low" areas, or gradient between Sault 
Ste. Marie, Mich., and Pensacola, Fla., at  each level, 
increased with altitude up to 5 kilometers but were 
found to be less than the differences noted in harch. 

Mean relative humidity, from the surface u to 8 Idlo- 
meters, was highest over Sault Ste. Marie, hich., and 
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comparatively high over Washington, D. C., at all levels 
above 4 kilometers. Bermuda reported high humidity 
at  0.5, 1, 1.5, and 2 kilometers, but at  the higher levels the 
air was much drier. The driest air in the lower levels 
appeared over El Paso, Tex., and Norfolk, Va.; and over 
Oakland, Calif., Oklahoma City, Okla., and Bermuda, a t  
all levels above 5 kilometers. 

The April resultant winds, based on 5 a. m. and 5 p. m. 
observations, shown on charts VIII, IX, X, and XI, 
showed northwesterly directions a t  1.5 kilometem except 
for an area that extended from Texas to the Atlantic, and 
another in the far Northwest. At 3 , 4 ,  and 5 kilometers 
the directions were northwesterly except over the extreme 
southeastern portion of the United States, and Cuba and 
Mexico. At the four levels shown by the charts, winds 
from the northwest quadrant prevailed in 55, 79,83, and 
87 percent of all cases a t  1.5, 3, 4, and 5 kilometers re- 
spectively. Even at the highest levels some southwesterly 
winds persisted. The April resultant wind directions 
were slightly north of those recorded in March, and this 
was particular1 noticeable over the eastern half of the 
country at  3 kLmeters. 

Comparing the April 5 a. ni. (E. S. T.) resultant wind 
directions at  1.5 and 3 kilometers (charts VI11 and IX) 
with normnl directions computed for the same levels at 
24 weIl-distributed stations, it was found that most of 
the current winds departed from the normal directions 
by a clockwise rotation. However, outstanding excep- 
tions occurred a t  Key West, Fla., and Atlanta, Ga., where 
the departures from normal were oriented by a counter- 
clockwise rotation. Medford, Oreg., and Oakland, Calif., 
showed the largest degree of clockwise departures at 1.5 
kilometers. Using these 5 a. m. normals in comparison 
with 5 p. m. observations at 4 and 5 kilometers (charts 
X and XI), it was found that large counterclockwise 
departures existed over Key West, Fla., and Medford, 
Oreg. Large clockwise departures were noted over Salt 
Lake City, Utah, a t  3 and 4 kilometers. Resultant 
velocities for April were greater than normal at most of 
the stations for which normals have been computed, 
particularly over the Central States. The highest 
departure noted was +9.4 m. p. s. over Seattle, Wash., 
at 5 kilometers. 

Table 2 shows 5 p. m. (E. S. T.) resultant wind direc- 
tions and velocities a t  a number of selected stations a t  
all levels. Comparing 20 of these stations with their 5 
a. m. normals, it was found that clockwise departures 
occurred a t  all levels over Cheyenne, Wyq., and counter- 
clockwise departures a t  Sault Ste. Marie, Mich., and 
Washington, D. C. The most outstanding departures 
were noted a t  Salt Lake City, Utah, Omaha, Nebr., Med- 
ford, Oreg., Seattle, Wash., and Fargo, N. Dak.; while the 
winds at Chicago, Ill., Oakland, Calif., an$ St. Louis, Mo., 
were about normal. Resultant velocities were higher 
than normal in most cases, except a t  Cheyenne, Wyo., 
and San Diego, and Oakland, Calif. There were exces- 
sive velocities at Omaha, Nebr., and Seattle, Wash., 
being as much as  +8.4 ni. p. s. over the latter station a t  
5 kilometers. 

The resultant winds for April, as shown in table 2, when 
compared to the winds of the previous month, showed 
higher velocities during April at most stations with the 
exception of Winslow, Ariz., Las Vegas, Nev., Havre, 

Mont., Fargo, N. Dak., Billings, Mont., Abilene, Tex., 
Albuquerque, N. Mex., Oklahoma City, Okla., St. Louis, 
Mo., and Chicago, Ill. The April resultant velocities a t  
Medford, Oreg., and Miami, Fla., were considerably 
higher at  all levels (up to 12 kilometers at  the former) 
than during March. A t  Chicago, Ill., Fargo, N. Dak., 
Oklahoma City, Okla., St. Louis, Mo., and Winslow, 
Ariz., the March directions generally were south of (counter- 
clockwise rotation) the April directions, and the wind 
velocities were higher. 

The resultant winds for April a t  1.5 and 3 kilometers 
(table 2) based on 5 p. m. observations, when compared 
with the current winds (charts VI11 and IX) based on 
5 a. m. observations, showed that the morning directions 
were definitely more northerly than the 5 p. m. directions. 
The 5 a. m. velocities, too,. were slightly higher in most 
cases. However, at  Miami, Fla., the 5 a. m. resultant 
directions were more southerly than at 5 p. m. a t  both 
levels by an average of 28', and the resultant velocities 
lower by an average of -1.8 m. p. s. 

The maximum altitudes reached by pilot balloons were 
17,757 meters a t  Denver, Colo., and 17,556 meters a t  
Omaha, Nebr. Altitudes over 15 kilometers were reached 
a t  13 stations; from 10 to 15 kilometers a t  39 stations, 
from 5 to 10 kilometers by 31 stations; and only one sta- 
tion failed to reach 5 kilometers. Maximum altitudes 
during April were somewhat higher than those reached 
in March, being confined to the Great Lakes region, Ohio 
Valley, New England, Texas, the southern Rocky Moun- 
tain region and southern Pacific coast. Practically all 
maximum altitudes were reached during the closing days 
of April-on the 28th over the northern Rocky Mountains, 
on the 29th over the north-central States and Upper 
Mississippi Valley, and on the 30th over the lower Ohio 
and Mississippi Valleys. 

Table 3 shows the maximum wind velocities that 
occurred over the United States during April. Some 
relatively high wind speeds were recorded between the 
surface and 2.5 kilometers, the greatest being 51.4 m. p. s. 
from the north on the 5th, over Sandberg, Calif. This 
station also reported a maximum wind between 2.5 and 5 
kilometers (56.1 m. p. s.) on the 5th. Above 5 kilometers, 
a maximum velocity of 80 ni. p. s. from the northwest 
(179 miles per hour) occurred over Redding, Calif., on 
the 4th, at  13,270 meters. These velocities ap ear to be 
the highest recorded in the upper air over Cayifornia in 
the levels below 2.5 kilometers, and above 5 kilometers. 

The mean insentropic chart for April shows two moist 
tongues: One enters the country in Texas and curves 
anticyclonically to the northeast and east. This tongue 
was present on about one-third of the days, which is not 
characterized by winds blowing along its axis. The pre- 
cipitation excess above normal in the Northeastern States 
seems to be associated with this moist tongue. Another 
moist tongue was off the Atlantic coast, also on about 
one-third of the days; its northern portion was located 
by means of 22 daily radiosondes released by the Inter- 
national Ice Patrol cutters s. S. Champlain and s. s. 
Chelan a t  about latitude 44.5' N., longitude 48.5' W. 
In the west, the effect of the plateau is seen in the north- 
ward bulge of the contour and moisture lines. 
t 1 This chart and the following djscussion bave been 
of the Meteorological Research Division. 

prepared ' the Air M ~ a s  Section 
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TABLE 1.-Mean jree-air barometric pressures (P.)  i n  mb., temperatures (T.) in O C . ,  and rehtiue humidities ( R .  H.) i n  percent obtained by 
airplanes during April 1939 

Altltude (meters) m. s. 1. 
I 

Surface wo 1,500 2,OOo 2.m 
Btatlons and elevations in meters 

above sea levrl Num- 

VB- 
tions 

1 Navy. 
a Flights dlscontinued tamporarlly. 
Observations taken about 4 a. m. 75th meridian time, e m p t  by Navy 6tatlOnS along the Pacific coast and Hawaii where they are taken at dawn. 
NmE.-None of the means Induded in this table are based on less than 16 Surface or 5 standard-level observations. 

TABLE la.-Mean free-air barometric pressure8 (P) i n  mb., femperatures (7') in "C., and relative humidities ( R  H> in percent obtained by 
radiosonde during April 1939 

-~ ~- 

Statlons and elevations In meters above sea level 

Fargo. N. Dalr. Nmhville, Tenn. Oakland, C.alif. Oklahoma City, Omaha, Nehr. 8auIt Re. Marie, Washington, D. c.1 
(274 m.) I (180 m.) (2 m.) Okla. (391 m.) I (300 m.) I Mich. (221 m.) I (13 m.) 

Bermuda 
(50 m.) 

I Navy. * Operated by Massnchusetts Institute of Technology. 
Obwrvatlom Wen about 4 a. m. 76th meridian time, except by Navy stations along the Paclflc coast and Hawail where they are taken at dawn. 
NOTE.-None of t,he means Included in this table are based on less than 15 surface or 5 standard-level observatlons. 
Number of observations refers to pressure only Rs temperature and humidity data are missing for some observations a t  certain levels, also, the humidlty data are not wed in 

dally observations when the temperature IS below -No C. 
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TABLE 2.-Free-air tesctltanl winds based on pilot-balloon observations made near 6 p .  m. (E. S. T.) during April 1939 

[Directions given in degrees from North (N=360O, E=WO, 6=180°, W=370°)-Velocities in meters per second (superior figures indicate numkr  ofobservations)] 

Altitude 
(meters) 
m. 8. 1. 

Altitude 
(meters) 
m. s. I.  

Altitude 
(meters) 
m. s. 1. 
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TABLE 3.--1Cfaximurn pee-air wind velocities, ( M .  P. S . ) ,  for  different sections of the United Stales based on pilot balloon observations during 
April 1939 
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16 
5 
13 
5 

Surface to 2,500 meters (m. s. 1.) 

Kylertoan, Pa..--. 
Nashville, Tenn ...- 
Charleston 6. C---  
Minneapolh. Minn 
Evansville, Ind.--. 
Del Rlo, Tex __..... 
Boise Idaho __..._._ 
Modtka. Utah ..... 
Sandberg, Cal8 .... 

Between 2,wO and 5,000 meters (m. s. 1.) 

WSW _ _ _ _ _  
NNW _ _ _ _ _  
W ______... 
W _ _ _ _ _ _ _ _ _  
W __.__.___ 
NW _ _ _ _ _  _ _  
NW _____._ 

Above 5,000 meters 

c;. 
12 170 23 Charleston. 6. C. 
11:550 21 Huron S. Dak. 
11,240 9 Wichida, Kana. 
5.910 7 Lit leRock Ark. 
17,380 28 Bdlngs, M'mt. 
13,270 4 Redding. Calif. 
5,920 10 A l b u q u e r q u e ,  

hiex. 

(m. s. 1.) 

Station 

Mean 
81th 
tude 
(km.) 
m.sl .  

_ _ _  

Mean 
tem- 
pera- 
ture 
O C .  -- 
___... 

Mean 
alti- 
tude 
(km.) 
m.s.1. 
__- 
. . . . -. - 

i . 7  
0. 1 
9. 5 
11.5 
12.6 
13.6 
13.5 

Mean 
tem- 
pera- 
ture 

C. 

- - . . . . 
-46.0 
-48.3 
-46. 8 
-58.6 
-62. 7 
-65.2 
-60.7 

Mean 
alti- 
tude 
(km.) 
m.s.1. 

Mean 
tem- 
pera- 
t i m  
OC. 

Mean 
altl- 
tude 
(km.) 
m.s.l. 

Mean 
tem- 
pera- 
ture 
0 c. 

Mean 
alti- 
tude 
(km.) 
m.s.l. 

Mean 
tem- 
pera- 
ture oc. 

Mean 
alti- 
tude 
(km.) 
u.s.l. 

Mean 
tem- 
pera. 
ture 
0 c. -- 

7.9 
8.0 
9.6 
10.9 
11.7 
12.5 
13.6 
12.2 

15.0 
-. - -. 
- - - - - - 
10.4 

-55.6 
-48.8 
-57.0 
-61.9 
-62.3 
-62.4 
-6 i .O 
-64.0 

-64.0 
- -. . - - 
- - - - - - 

6.8 
8.0 
9. 2 
10.2 

-46.2 
-5Ll.7 
-52.6 
-55.3 

. - - - -. . 
7.8 
8.9 
10.1 
11.5 

- - - - - - 
-46.0 
-49. 1 
-53.1 
-58.6 

. . . . . . 
8. I 
10.5 
11.4 
13.0 
13.1 
13.3 
14.4 
14.2 

-. . . . . 
-40.0 
-52.5 
-58.0 
-65.7 
-61.4 
-67.0 
-61.0 
-52.0 

11.2 
11.4 
12.8 
12.5 
13.1 

13.5 

10.2 

- -  - - _ _  

-67.8 
-56.3 
-60.5 
-5f3.0 
-63.7 

-48.0 

-54.: 

._____ 

12.4 

12.8 
13.8 
14.3 
15.2 

11.4 

12.e 
-61.1 

-55.7 
-58.3 
-57.8 
-58.0 

-543.0 

-58.1 

- 
h * 
'2 
P 
E4 
El 
'2 z - 

12.0 
I9. 1 

16.8 
13.6 
11.9 
10.0 
10.1 
18.6 
il. 4 

- 

- 
h 
c1 .- :: - 
c 

.- ; 
m 
2 - 

45.6 
4s. 1 
40.5 
40.6 
52 0 
35.0 
39.0 
%S. 0 
56. 1 

- 

- 
R * .- 
0" 

ii 

I 

w .c 

?I 
'2 
E 
- 
57.0 
19.0 

13.0 
16. 1 
12.8 
1.4 
5.2 
0.0 
5.2 

- 

Section 
Direction Station Station 

0 

a" 
Northeast 1 ._______. 
East-Central *- - --. . 

I. 590 
I, 530 

1.710 
I, 670 
!, 930 
I, 310 
I. u n  
I: % 

Columbus. Ohio.-.. 
Knoxville, Tenn -... 

NW. ...... 6,720 3 Cleveland Ohio. 
NNW _ _ _ _ _  l 7,020 l l  4 OLmnshoro, N. 

Southeast : ________. 
North-Central '----. 
Central 6 _____._._... 
South-Central e- - - . .  
Northwest 7 ________. 
West-Central I--..-. 
Southwest 9 ________. 

Charleston. S. C.... 
Minneapolis. Minn. 
Evansville, Ind - - - _. 
Memphis, Term.-..- 
Spokane, Wash ....- 
Rock Springs, Wyo . 
Sandberg. Calif..-.- 

I Maine Vermont, New Hampshire. Massachusetts, Rhode Island. Connecticut. New York New Jersey, Penusylrsnia, and northern Ohio. 
3 Delawhe, Maryland, Vir 'nia, West Vwginia, southern Ohio, Kentucky, eastern Teuuessee. and North Carolina. 
3 South Carolina, Georgia, gorlda, and Alabama. 
4 Michigan, Wisconsln, Minnesota, North Dakota, and South Dakota. 
6 Indiana, Illinois. Iowa, Nebraska, Kansas, and Missouri. 
6 hIismppi, Arkansas, Lomsiana, Oklahoma, Texas (except El Paso), and western Tennessee. 
7 Montana. Idaho, Washington, and Oregon. 
I Wyoming, Colorado, Utah, northern Nevada, and northern California. 

Boutheru California. southern Nevada. Arizona. New Mexico, aud extreme want Teras. 

TABLE 4.-Mean altitudes and temperatures of significant points identifiable as lropopauses drrring April 193.9, cloaaij?ed according to the 
potential temperatures (10-degree intervals between 690' and 399' -4.) with which they are identified. (Based on radiosonde ObSeff*a!ionS.) 

Sault Ste. Marie, 
Mich. Washington. D. C. Nashville. Tenn. Oakland. Calif. )klahoma City, Okla Fargo. N. Dek. Omaha. Nebr. - 

Mean 
tem- 
pera- 
p r e  

C. - 
A _ _ _ _ _  

- X O  
-45.0 
-49.5 
-&a. 3 
-61.3 
-63.6 
-69.0 
-58.0 _ - _ _ _ _  _ _ _ _ _ _  
-56.6 

Potential tempera, 
tllres 

- 
Mem 
alti- 
tude 

m. s. 
'h.1 

I I I 

N W -  
ber of 
cases 

Yum. 
xr of 
cases 

vum. 
her 01 
W S  

VUm. 
ber 01 
cases 

NUm. 
her 01 
cases 

-I- -- I ._... 
1 
6 

10 
17 
10 
6 
3 

1 
1 

_---. 

_. 

._.._ 
3 
7 
17 
17 
'2 
; 
3 
4 
1 

.___-_ 
9. 1 
8.5 
9.8 
11.3 
12 4 
13.6 
13. 8 
14. 2 

. - - - 

11.4 

4 
9 
14 
13 
12 
9 
2 
4 
3 

1 
..__._ 

__... 
4 
12 
19 
14 
8 
1 
5 
2 
1 

- 

. . -. -. . -. -. -. 
8. 5 -41.8 
9.6 -47.0 
11.0 -54 .5  
12.5 -60.6 
12.8 1-58.9 
13.1 -56.0 
14.2 -60.2 
14.8 -59.5 
16.4 -60.0 

. . -. . -. - - - . -. 
14.8 -58.0 
16.4 - i o .  0 _ _ _  _ _ _ _ - _  

11.8 -58.0 

339.2 

11.6 )-M.9 

341.8 

11.5 -56.9 I 
337.6 I- Mean potent ia l  

temperature.----- 338.5 328.6 337.2 


